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I-INTRODUCTION
Qualitative display of spatial attenuation variations has led to the acceptance of the SLAM as a nondestructive testing tool due to the high visual impact of regions of high attenuation caused by air gaps and discontinuities associated with internal cracks, delaminations, etc. Images of spatial variations in attenuation due to material microstructures have been obtained previously, but the lack of practical methods of quantifying and analyzing this information has resulted in limited application of this capability. The spatial attenuation dependence displayed in SLAM images contains a high level of information about the microstructure of a material. Preliminary studies of grain size in niobium plate and interstitial content in titanium and niobium welds indicate this information can be exploited. As the physical origins of the spatial variations o'bserved in SLAM images are better understood, results may be obtained which are not readily obtainable by other means. The two separate systems described are obtained by combining the SLAM, with its simple but specialized'cw transmission technique, with two adjunct devices; a twodimensional gated integrator and an image processor/analyzer made by integrating a personal computer with a real-time video digitizer and display subsystem. (NOTE: Standard review articles on ultrasonic methods describe cy attenuation measurements as involving resonance; this is not the case in SLAM measuqements.) The twodimensional gated integrator is designed for ease of acquisition of basic transmission properties. The image processor/analyzer provides high resolution (256 x 240) bbit digitization for detailed studies. The digitized information is easily accessed by the computer for complicated analysis. In both systems measurements can be made in real-time simultaneously with direct visualization of the acoustic field. The systems measure spatial variations in ultrasonic transmission and can make dynamic measurements associated with changes in stress, temperature, etc. The proportionality between the measured signal and'the acoustic loss is established by an insertion loss technique which matches the signal. level through water to that through the material. The systems can make measurements over a roughly 40 dB dynamic range with a reproducibility of about +/-1.0 dB.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:198510164 Fig. 1-100 MHz a c o u s t i c m i c r o g r a p h s o f l a r g e grained niobium a r e q u a n t i t a t i v e l y analyzed using t h e SLAM' S Sonometer module. The l a r g e dark regions a r e e q u i v a l e n t i n s i z e t o t h e diameter of t h e grains. The f i e l d of view i s about 2. 7mm x 2. 3mm.
The Sonometer module is a t w o -d i m e n s i o n a l g a t e d i n t e r g r a t o r whose v a r i a b l e s i z e measurement window is s e e n i n t h e m i c r o g r a p h s . The measured s i g n a l l e v e l i s d i s p l a y e d on t h e TV monitor, next t o t h e a c o u s t i c image, a s d i f f e r e n c e s i n h e i g h t of a v a r i a b l e bar graph. Immediately t o t h e l e f t of t h e measured s i g n a l bar graph i s a r e f e r e n c e l e v e l bar graph whose h e i g h t i s s e t by t h e operator. The i n s e r t i o n l o s s technique, which connects t h e measured s i g n a l and t h e s p a t i a l l y averaged a c o u s t i c l o s s , c o n s i s t s of 5 steps:
-o b t a i n a c o u s t i c image of t h e sample -choose d a t a window's s i z e and p o s i t i o n -set r e f e r e n c e bar equal t o s i g n a l bar -remove sample t o o b t a i n a c o u s t i c image of water f i e l d -i n s e r t c a l i b r a t e d . a t t e r i u a t i o n i n t o transducer power l i n e u n t i l s i g n a l bar equals r e f e r e n c e bar. The i n s e r t i o n l o s s measurements p i c t u r e d i n F i g u r e 1 r e v e a l e d t h a t t h e a c o u s t i c t r a n s m i s s i o n l e v e l i n t h e d a r k r e g i o n ( l e f t image) was 17dB l o w e r t h a n t h e transmission l e v e l i n t h e b r i g h t region ( r i g h t image). The b r i g h t region was 6.5dB l o w e r i n s i g n a l t h a n t h e e q u i v a l e n t t h i c k n e s s o f w a t e r .
C o r r e c t i n g f o r t h e a t t e n u a t i o n i n w a t e r (2.2dB/mm a t 100 MHz), t h i s means t h e i n s e r t i o n l o s s o f t h e b r i g h t region is about -13dB compared t o an i d e a l sample with no l o s s e s . The sample used was a pmn t h i c k niobium p l a t e . The commerical niobium had a nominal ASTM g r a i n s i z e of 3-6 and a nominal r e s i d u a l r e s i s t i v i t y r a t i o (RRR) o f 100-150. P r i o r t o t h e measurements, t h e sample was f u r t h e r annealed t o i n c r e a s e t h e g r a i n s i z e t o about l mm i n diameter. The sample was i n s o n i f i e d with a 10 degree a n g l e from perpendicular using a water couplant. This r e s u l t e d i n an a c o u s t i c path l e n g t h of about 4mm.
A microcomputer program was developed t o c a l c u l a t e a t t e n u a t i o n c o e f f i c i e n t s (dB/mm) from i n s e r t i o n l o s s e s produced by s c a t t e r i n g and ( t r u e ) absorption. Corrections a r e made f o r i n s o n i f i c a t i o n a n g l e and r e f l e c t i o n and mode conversion l o s s e s a t sample i n t e r f a c e s .
This program was a p p l i e d t o Sonometer measurements of commercial p l a s t i c sheet. The r e s u l t s a r e summarized i n Table 1. A s expected f o r m a t e r i a l where absorption p l a y s a dominant r o l e , t h e measured a t t e n u a t i o n c o e f f i c i e n t s were d i r e c t l y p r o p o r t i o n a l t o t h e u l t r a s o n i c f r e q u e n c y . T h i s a l l o w e d t h e a t t e n u a t i o n c o e f f i c i e n t s t o be normalized with r e s p e c t t o t h e frequency and combined.
Measurements were made a t 24, 32, and 100 MHz on a c r y l i c and a t 24 and 32 MHz on polycarbonate. These r e s u l t s a r e compared t o published v a l u e s obtained with pulse-echo techniques.
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T h i c k n e s s

The d i g i t i z e d image d a t a , obtained by i n t e r f a c i n g t h e SLAM t o t h e real-time video
frame g r a b b e r -PC s y s t e m , c a n be m a n i p u l a t e d w i t h any o f t h e s t a n d a r d image p r o c e s s i n g / a n a l y s i s techniques. Here we present some i n i t i a l r e s u l t s obtained using a one-dimensional FFT t o harmonically a n a l y z e a s i n g l e h o r i z o n t a l l i n e , 256 p o i n t s , of image data. A 
s i m p l i f i e d demonstration of t h e v a l i d i d t y of t h e d i g i t i z a t i o n and a n a l y s i s procedures is shown i n Figure 2. The o b j e c t under t e s t is a Ronchi r u l i n g w i t h e q u a l l y s p a c e d opaque and t r a n s m i s s i v e l i n e s . A s h e e t o f w h i t e p a p e r was placed behind t h e r u l l i n g i n order t o g e t t h e SLAM o p t i c a l r e f l e c t i o n image shown.
. demonstrate t h e d i g i t a l image a n a l y s i s c a p a b i l i t y . The graph surrounding t h e image r e s u l t s from an harmonic a n a l y s i s performed using t h e 256 p o i n t s of t h e c e n t r a l l i n e i n d i c a t e d i n white. The s t r o n g e s t peak corresponds e x a c t l y t o t h e 4 lines/mm of t h e r u l i n g . Also p r e s e n t a r e 2nd, 3rd and 4th harmonics.
A p o t e n t i a l a p p l i c a t i o n o f d i g i t a l a n a l y s i s of SLAM images is n o n d e s t r u c t i v e b u l k m e t a l l o g r a p h y , t h a t i s t o d e t e r m i n e t h e m i c r o s t r u c t u r a l d e t a i l s t h r o u g h o u t t h e t h i c k n e s s of a m a t e r i a l without sectioning. An i n i t i a l method f o r o b t a i n i n g such information is t o use one o r two dimensional F o u r i e r transforms on t h e image d a t a t o q u a n t i f y c h a r a c t e r i s t i c s p a t i a l f r e q u e n c i e s r e s u l t i n g from m i c r o s t r u c t u r a l changes w i t h i n a m a t e r i a l . To d e m o n s t r a t e t h e f e a s i b i l i t y o f s u c h an a p p r o a c h we h a v e performed harmonic a n a l y s e s on s m a l l p o r t i o n s o f t h e d a t a , a s i n g l e h o r i z o n t a l l i n e , from 60MHz SLAM images of two niobium p l a t e s with known v a r i a t i o n s i n g r a i n s i z e . Both p l a t e s were o f i d e n t i c a l m a n u f a c t u r e ;
o n e was a d d i t i o n a l l y a n n e a l e d t o i n c r e a s e t h e g r a i n s i z e . The two g r a i n s i z e s a r e about 1 mm i n diameter and ASTM 3- r e n t g r a i n s i z e . Note t h e low s p a t i a l frequencies a s s o c i a t e d with t h e l a r g e r grained m a t e r i a l , and t h e h i g h e r s p a t i a l frequencies a s s o c i a t e d w i t h t h e s m a l l e r grained m a t e r i a l .
